Rapid structural remodeling of shaft synapses associated with long-term potentiation in the cat superior cervical ganglion in situ.
Synaptic plasticity associated with long-term potentiation was studied electrophysiologically and ultrastructurally in the cat superior cervical ganglion in situ. The preganglionic nerve fiber was stimulated at 10 Hz for 50 s for conditioning and then at 1 Hz for 1-3 h to monitor changes in the postganglionic compound action potential (PGP). The present material has shown the long-term potentiation (LTP), around 120% of the control, which lasted for up to 3 h. Fifteen of 18 ganglia (83%) have shown LTP. Ultrastructural studies demonstrated the synaptic structural remodeling: (1) The preganglionic nerve terminals ordinarily made mainly asymmetrical type of shaft synapses directly with dendrites of the ganglion cells that lacked dendritic spines; (2) conditioning tetanus rapidly remodeled simple shaft synapses into perforated ones characterized by perforations in the postsynaptic density (PSD), some of which had synaptic spinules associated with the perforated PSDs, i.e. spinule-synapses; (3) a rapid increase in the number of both structures was detected immediately after the tetanus. Perforated synapses and the spinule-synapses increased from 5% and 0% in the control to 27 and 9% at 0 min, respectively. Spinule-synapses occurred about one-third of the perforated shaft synapses; (4) Increased numbers of restructured shaft synapses was maintained for 15 min in ganglia expressing LTP; (5) Remodeled synapses did not increase in ganglia that did not express LTP or ganglia that were activated at 0.5 or 1 Hz. It was suggested a rapid increase in the number of remodeled synapses associated with the onset of LTP and its durability at its earlier phases in the cat SCG.